The Intestinal Microflora of Bullfrog Rana catesbeiana at Different
Stages of its Development
Haruo SUGITA,* Toshiyuki NAKAJIMA,* and Yoshiaki DEGUCHI* (Accepted July 7, 1984) Microflora in the contents of intestinal tracts of Bullfrog at different stages of its development was investigated using 7 different agar media, and major bacterial components were as follows: Tadepoles, Bacteroides A-like, other Bacteroidaceae, helically coiled and filamentous rods, Pseu domonas, A. hydrophila and pin-hole colony formers; metamorphosing tadpoles with hind legs, Bacteroides A-like, other Bacteroidaceae, Clostridium and pin-hole colony formers; frogs, Bactero idaceae, Clostridium, C. freundii, C. diversus, E. coli, E. hafniae, K. pneumoniae, A. hinshawii and P. shigelloides. The differences of the intestinal microflora may depend on the changes of phy siological conditions of host animals, and it is found that frogs is an important experimental animal to study the interaction between the intestinal microflora and host animals. However, it is recently used extensively as experi mental animals in research rather than as food.
Few studies on the intestinal bacteria as symbiota of this animals have been reported although many pathological and clinical researchs have been carried out. [5] [6] [7] [8] In the present paper we shall describe the results of qualitative and quantita tive investigations of the intestinal microflora of the tadpole, metamorphosing tadpole and frog of Bullfrog.
Materials and Methods

Animals
Tadpoles of Bullfrog were purchased from a dealer and reared in 500-l plastic tanks containing tap water, indoor of our laboratory.
The tadpole transformed into a frog within half a year. The tadpole and metamorphosing tadpole with hind legs were fed boiled spinach. The frog after metamorphosis were fed millworm Tenebrio molitor which was purchased from a dealer. Five tadpoles (10.3-19 .5g in body weight), 5 meta phorphosing tadoples (10.1-23.1g) and 5 frogs (13.2-24.0g) were used for bacteriological ex amination. No symptoms of disease were not observed on all animals.
Bacteriological Sampling
Each animal was pithed and its abdominal cavity was opened aseptically. The intestine was aseptically removed to a sterile petri dish. The content was weighed and placed in a test tube and a suitable amount of diluent was added to effect a tenfold dilution. The millworm was homogenized with 9 volumes of diluent and a tenfold dilution of specimen was prepared.
The diluent solution is a phosphate buffer solution (pH 7.6) containing Generic Composition of Bacteria A total of 759 strains of aerobic and faculta tively anaerobic bacteria was isolated aerobically from the intestinal tracts of Bullfrog and its diet. These were divided into 12 groups, Pseudomonas, Vibrio-Aeromonas group, Enterobacteriaceae, Moraxella, Acinetobacter, Flavobacterium, Bacillus, coryneforms, Micrococcus, Staphylococcus, Stre ptococcus and pin-hole colony formers. Almost all strains of Pseudomonas were incapable to utilized glucose, and the pin-hole colony formers, viability of which lost on subculture, were gram negative rods.
A total of 703 strains of obligately anaerobic bacteria isolated from the intestinal tracts of Bullfrog was divided into 4 groups, Bacteroidaceae, Clostridium, helically coiled rods and filamentous rods. The later 2 components were both gram negative bacteria, and the Bacterioidaceae included the bacterium similar to Bacteroides type A re ported in freshwater fishes. 13 In the present paper we called it "Bacteroides A-like". No obligate anaerobes were isolated from the mill worm.
Specific Composition of the Enterobacteriaceae and Vibrionaceae
A total of 122 strains of the Enterobacteriaceae and 78 strains of the Vibrionaceae were identified using the Minitek system. The former were divided into 10 species, Citrobacter freundii, C. diversus, Enterobacter cloacae, E. hafniae, Escherichia coli, Klebsiella pneumoniae, K. ozaenae, Arizona hinshawii and Serratia marcescens. The later was divided into 3 species, Plesiomonas shigelloides, Aeromonas hydrophila and Aeromonas sp. which was resistant to O/129 and could not be identified by the system.
Microflora of the Diet for Frogs
The maximum viable counts of the bacteria belonging to different components of the mill worm were shown in Table 1 In the intestinal tracts of tadpole, obligately anaerobic bacteria, Bacteroidaceae including Bac teroides A-like, helically coiled rods and fila mentous rods were predominant as presented in Table 2 . Pseudomonas, A. hydrophila, pin-hole colony formers and Bacteroidaceae were detected in all specimens. TVC of each specimen was 108g- 1 . In the intestinal tracts of metamorphosing tadpoles, major components consisted of Bac teroides A-like, other Bacteroidaceae, Clostridium and pin-hole colony formers as shown in Table 3 . Pseudomonas, pin-hole colony formers, Bacteroides A-like and other Bacteroidaceae were detected in Tlabe 1. Viable counts (log No.g-1) of the bacteria belonging to different genera of millowarm Tenebrio molitor all specimens. TVC ranged from 108 to 109g-1.
In the large intestinal tracts of frogs, dominant components were composed of Bacteroidaceae and Clostridium as presented in Table 4 . Pseudomonas, pin-hole colony formers and Bacteroides A-like, which were major components in the tadpole and metamorphosing tadpole, decreased and partly disappeared.
Alternatively, various entero bacteria, C. freundii, C. diversus, E. coli, E. hafniae, K. pneumoniae and A. hinshawii, and P. shigelloides predominated with occurrence of 80%.
Discussion
In previous papers, 1-3,14,15) we reported that predominant bacterial components in the gastro intestinal tracts of freshwater fishes are A. hydro phila, P. shigelloides, Pseudomonas, Enterobacteri aceae, Bacteroides type A and Bacteroides type B, whereas those of soft-shelled turtles were A. hydro phila, P. shigelloides, C, freundii, Edwardsiella tarda, Streptococcus faecalis, Bacteroidaceae (not included Bacteroides type A and type B) and Clostridium. Such differences in gastrointestinal flora of animals seem to be associated with diets, physiological conditions and species of host animals. The predominant flora of tadpoles of Bullfrog was composed of Pseudomonas, A. hydrophila, pin-hole colony formers, Bacteroides A-like and other Bacteroidaceae although P. shigelloides, Flavobacterium, various enterobac teria, Bacteroidaceae (not included Bacteroides Alike) and Clostridium were predominant in frogs The intestinal flora of metamorphosing tadpoles consisted of Pseudo monas, pin-hole colony formers, Bacteroides Alike, other Bacteroidaceae and Clostridium, and it would be the transit form when the intestinal bacteria of tadpoles changed and adapted to frogs.
As compared the intestinal flora of Bullfrog at each developmental stage with those of other animals, it is found that the microflora of tadpoles is similar to that of freshwater fishes while the microflora of frogs resembles that of soft-shelled turtles or higher animals. 16) In the present study the boiled spinach and millworm were fed to Bullfrog. The spinach would have no bacteria or, even though present, a few sporing bacteria because of heat treatment.
In the large intestines of frogs fed the millworm, Pseudomonas, Flavobacterium and S. marcescens were common to its diet. However, Pseudomonas and Flavobacterium are suspected not to originate from the millworm because these bacteria are isolated from the tadpole and metamorphosing tadpole. VAN DER WAAIJ et al. reported that potentially pathogenic bacteria in cloacal contents of Leopard frog Rana pipiens seem to originate from the diets, so the S. marcescens has the possi bility to originate from the millworm.
Nevertheless, the significant succession of microflora in the intestinal tracts of Bullfrog should be reflecting the physiological changes of host animals. That is, the intestine shortens from 6-8 times to 1.5-2times body length, their habitat changes from water to land and food habit changes from omnivorous to carnivous type. At the present time it is impossible to define which is the major factor to change the intestinal flora of Bullfrog. However, it is clear that frogs is an im portant experimental animal to study the interac tion between the intestinal flora and host animals.
From the intestines of tadpoles and metamor phosing tadpoles, a bacterium silimar to Bac teroides type A was isolated. Although we did not clarify whether this is identical to Bacteroides type A, it may be an important object to study the ecology of Bacteroides type A. The taxonomic study concerning this bacterium should be required.
